The traditional use of certain plants by the tribal community in central India involves using the young leaves for several ailments, including hyperglycaemia; this study was performed to evaluate the effects of the leaf extracts from 9 such plants in the management of diabetes. Initially, hypoglycemic screening was performed on normal rats whose blood glucose levels were measured before and after oral or intraperitoneal (i.p.) administration of the extracts at different periods. The plants were screened at doses of 250 mg/kg i.p. or 500 mg/kg orally. Of these, only Centratherum anthelminticum (Asteraceae), Cissus quadrangularis (Vitaceae), and Woodfordia fruticosa Kurz (Lythraceae) significantly reduced postprandial blood glucose levels in normal glycemic rats (P <0.001), with slight reductions effected by Sida acuta Burm F. (P = 0.002) and Parthenium hysterophorus L. (P = 0.017). The extracts that reduced postprandial blood glucose levels both orally and i.p. in the hypoglycemic screening tests were evaluated for glucose challenge in glucose tolerance tests with i.p and oral administration in overnight-fasted normal rats. The results of these tests potentiate the screening data in the management of diabetes mellitus, which requires further studies on the plants that yielded positive results to determine the active compounds in the different plant parts that are responsible for the activity.
Introduction
Diabetes mellitus (DM) has attained pestilencein the current century. It is the most prevalent disease in the world affecting 7% of population, or 285 million people worldwide. It is predicted that this number will exceed to 435 million in 2030. 1 Approximately, 90-95% of patients with diabetes have type 2 diabetes (T2D) or non-insulin dependent diabetes mellitus. T2D is accounting for a combination of insulin resistance and an adequate compensatory insulin secretory response. 2 Oral hypoglycaemics such as biguanides, sulfonylureas, and thiazolidinediones are available for the treatment of type 2 diabetes, but can also cause adverse effects and be ineffective against some long-term diabetic complications. The World Health Organization recommends the use of traditional and plant based medicines for the management of diabetes mellitus. 3 Herbal medicine is an alternative method for the treatment of diabetes due to their perceived effectiveness, safety, affordability, and acceptability, with minimal side effects in clinical experience, and relatively low cost. 4 More than 1200 plants are used in traditional medicine for their alleged hypoglycemic activity. Numerous studies have reported the anti-diabetic activity of plants. 5 In the present study, the rationale for selecting the 9 plants studied was their traditional use by tribal people for conditions involving frequent urination and elevated blood glucose levels with symptoms such as weakness, mouth dryness, and conditions associated and arising from diabetes. The tribes are from villages in the Betul and Hoshangabad districts, which are surrounded by the Satpuda forest ranges, and located in the state of Madhya Pradesh, India. In these districts, villagers consume decoctions from the young leaves of these plants early in the morning for the treatment of diabetes as well as for other ailments. The treatment is particularly common and popular in tribes of the Gond community, where the plants are cultivated or found in abundance around their farms or in the jungles. The plants tested were Centratherum anthelminticum, Parthenium hysterophorus L., Xanthium strumarium L., and Vicoa indica Cass, which areall from the Asteraceae family, together with five others from different families: Woodfordia fruticosa Kurz (Lythraceae), Sida acuta Burm F. (Malvaceae), Vanda tessellata (Roxb.) (Orchidaceae), Madhuca indica (Sapotaceae), and Cissus quadrangularis (Vitaceae). There are several reports on the antidiabetic effects of different parts of C. anthelminticum, Parthenium hysterophorus L., Cissus quadrangularis, and Woodfordia fruticosa Kurz. [6] [7] [8] [9] [10] [11] The purpose of this study was to investigate and evaluate the potential of these plants leaves in suppressing elevated blood glucose levels in normoglycaemic and glucose-induced hyperglycaemic rats through the intraperitoneal (i.p.) and oral routes of administration.
Materials and Methods

Plant Materials and Preparation of Plant Extracts
Fresh leaves from the nine plants were collected from Amritum Bio-Botanica Herbs Research Laboratory Pvt. Ltd., in Jogli, Madhya Pradesh, India, authenticated by the company's quality control department, dried in maintained shade in a greenhouse for few days, ground into coarse powder, and then brought to the Department of Pharmacology in the Faculty of Medicine, University of Malaya, Kuala Lumpur, Malaysia, for further study. The dried, powdered samples were extracted with water: ethanol (80:20)using a soxhlet extractor, subsequently the obtained crude extracts were successively defatted with hexane and chloroform, before being extracted with methanol. The resulting methanol extracts were dried (evaporated) using a rotary evaporator (Rotavapor, Buchi) under reduced pressure at 40°C to yield a final methanolic extract, which was further stored at -20°C prior to use. Before administration to the rats, each extract was diluted with water and filtered.
Preliminary Phytochemical Screening
A phytochemical screening test for alkaloids, flavonoids, saponins, phenols, tannins, and terpenoids using standard procedures was performed on the defatted leaf methanolic extracts to identify their chemical constituents. 12 
Animals and Treatment
Altogether, 400 Sprague-Dawley rats weighing (150-200 g) were procured from the Animal Care Unit, UMMC (University Malaya Medical Centre), Kuala Lumpur, Malaysia, and were acclimatized to laboratory conditions for 1 week. Rats were housed in polypropylene cages (6-7 rats/cage) under an ambient temperature of 23 ± 3°C and 40-65% relative humidity with 12 h light and dark cycles. They were maintained on a standard pellet diet and water ad libitum. Guidelines of the Guide for the Care and Use of Laboratory Animals were strictly followed throughout the study. The experimental protocol was approved by the UMMC Animal Ethics Committee (No: FAR/10/11/2008/AA(R)).
Acclimatized animals were divided into 2 sections, one for acute toxicity study, other section for hypoglycemic screening. Male animals were chosen for hypoglycemic screening test and allocated a carbohydrate-rich diet for 2 weeks before the experiments were started. Animals with postprandial blood glucose levels of 8-10 mmol/L were used for the screening test. Animals with either sex were selected for acute toxicity studies.
Acute Oral and Intraperitoneal Toxicity Studies
The oral and intraperitoneal acute toxicity tests of the extracts were determined in accordance with OECD (Organization for Economic Co-operation and Development) guidelines. The animals were starved overnight and divided into 36 groups (n = 6) and were injected intraperitoneally with extracts doses ranging 25-2500 mg/kg body weight and were fed with doses ranging 50-5000 mg/kg body weight. The rats were observed continuously for 2 h to assess their behavioural, neurological, and autonomic profiles and after 24 and 72 h to identify lethality.
Determination of Postprandial Blood Glucose Levels in Normoglycaemic Rats
Screening for hypoglycemic activity of the extracts was carried out by i.p and oral (250mg/kg and 500mg/kg) administration based on volume (2 ml/200 g body weight). Normal control animals received NaCl 0.9% while positive control animals were administered with insulin (0.5 U/kg) i.p. or glibenclamide (50 mg/kg) given orally.
Blood samples were collected from the tail by snipping, and blood glucose concentrations were determined in non-fasting conditions at different times after the above treatments by a glucose oxidase-peroxidase enzymatic method using a standardized glucometer (Accu-Check Performa, Roche Diagnostic Germany). An extract was deemed to have a hypoglycemic effect if the blood glucose levels of the test groups decreased significantly compared to that of the normal control group.
Glucose Challenge (Glucose Tolerance Test)
Intraperitoneal Glucose Tolerance Test (IPGTT) and Oral Glucose Tolerance Test (OGTT) were used to evaluate the effectiveness of the leaf extracts that had demonstrated hypoglycemic potential in the screening tests. Extracts (250 mg/kg or 500 mg/kg) were administered to overnight-fasted rats in doses of 2.0 ml/200 g (the control group was given NaCl 0.9%). Blood glucose concentrations were measured before and at 120 and 210 min, after i.p and oral extracts administration respectively. After this time point, oral glucose (3 g/kg) was administered and blood glucose levels were measured at 30, 60, and 120 min in the IPGTT and at 60, 120, and 180 min in the OGTT.
Statistical Analysis
The results were calculated as mean ± SEM and comparison of the data was carried out by 1-way and 2-way repeated measures ANOVA tests where appropriate (one factor repeated), with all pair-wise multiple comparison procedures (Student-Newman-Keuls method). Significance was considered to be P<0.001.
Results and Discussion
Plants Extract Phytochemical Constituents
Preliminary phytochemical analysis of methanolic extracts from the leaves of nine plants revealed the presence of flavonoids in all, except Sida acuta Burm F. and Vanda tessellata (Table 1) . Similarly, phenolic and saponin compounds were present in all the leaves, while tannins were only absent in the Sida acuta Burm F. and Vicoa indica extracts. All the extracts, except that from Madhuca indicatested positive for alkaloids. Amongst the leaves, terpenoids were not seen in Vanda tessellata (Roxb.), Parthenium hysterophorus L., and Sida acuta Burm F. extracts. 
Acute Oral and Intraperitoneal Toxicity Studies
The acute oral and intraperitoneal toxicity studies demonstrated that the methanolic extracts from all of the selected plants leaf, other than Parthenium hysterophorus L., were non-toxic up to a dose of 2500mg/kg. For Parthenium hysterophorus L. the LD 50 obtained via i.p administration was 2500 mg/kg. Based on this finding, doses with 250mg/kg and 500mg/kg were chosen as the maximum dose for further experiments involving administration by the i.p and oral routes respectively.
Hypoglycemic Activity of Plants Leaf Extracts by i.p. and Oral Routes
The results of the hypoglycemic activity of the leaf extracts on normal glycemic rats administered through the i.p. and oral routes are shown in Tables2 and 3. Accordingly, after i.p. and oral administration of NaCl 0.9% to normal control rats, the blood glucose levels did not change within the different time intervals. Administration of i.p. insulin (0.5 U/kg) significantly reduced blood glucose levels for 1-2 hours, then increased it again. A similar finding was observed following oral administration of glibenclamide (50 mg/kg), but the level of blood glucose returned back only after 6 h (P<0.001) for all when compared to time 0 and normal control group at the same times. Out of the nine plants, three (C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz) significantly altered blood glucose levels (P<0.001), while four (Madhuca indica., Vicoa indica Cass, Vanda tessellata (Roxb.), and Xanthium strumarium L.) did not.
Intraperitoneal administration of C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurzextracts at 250 mg/kg dose produced various outcomes, the blood glucose levels of rats decreased from 9.3 ± 0.11, 8.8 ± 0.19, and 9.1 ± 0.20 mmol/L, respectively to 4.9 ± 0.13, 5.6 ± 0.15, and 5.2 ± 0.18 mmol/L after the first hour. This reduction continued by the second hour to 4.6 ± 0.23, 5.3 ± 0.13, and 5.1 ± 0.16 mmol/L, respectively. Finally, unlike C. anthelminticum (4.3 ± 0.15 mmol/L after 3 h), a slight increase in blood glucose levels was observed with Cissus quadrangularis and Woodfordia fruticosa Kurz extracts after the third hour (5.5 ± 0.19 and 5.3 ± 0.13 mmol/L, respectively). A significant difference in blood glucose levels was observed after the first, second, and third hours following i.p. administration of C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz extracts (P<0.001) when compared to that of the normal control. In the same manner C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz extracts demonstrated similar results with 500 mg/kg of oral administration, the blood glucose levels of rats decreased from 8.8 ± 0.11, 8.6 ± 0.10, and 9.0 ± 0.16 mmol/L, respectively, to 4.6 ± 0.11, 4.9 ± 0.07, and 4.8 ± 0.10 mmol/L after the second hour. This reduction continued by the fourth hour to 4.5 ± 0.14, 5.1 ± 0.07, and 4.7 ± 0.07 mmol/L, respectively. Finally, a slight increase was observed at 6 h (4.7 ± 0.17, 5.4 ± 0.16, and 5.1 ± 0.07 mmol/L). A significant difference in blood glucose levels was observed after the second, fourth, and sixth hours of oral administration with these extracts (P<0.001) when compared to that of the normal control group.
There was also a slight decrease in blood glucose levels by the Sida acuta Burm F. (P=0.002) and Parthenium hysterophorus L. (P=0.017) extracts after 2 and 4 h of oral administration, respectively. Table 3 . Hypoglycemicactivityofleaf extract by oral route in normal rats.
Group
Blood glucose levels (mmol/L)at different time points (h)
2 h 4 h 6 h P-value Normal control (NaCl0.9%) 9.1 ± 0.12 8.9 ± 0.13 9.2 ± 0.17 9.5 ± 0.08 0.059
Glibenclamide 50mg/kg 9.2 ± 0. 
Intraperitoneal and Oral Glucose Tolerance Tests
Intraperitoneal and oral glucose tolerance tests were used to evaluate the effectiveness of the extracts with hypoglycemic potential as identified in the screening tests. When C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz extracts were administered to overnight-fasted normal rats, no alteration in blood glucose levels was observed until 120 and 210 min after i.p. (250 mg/kg) and oral (500 mg/kg) administration, respectively.
Thereafter, at 30 min of i.p glucose injection, the level of blood glucose were greatly elevated in the (NaCl 0.9%) treated normal control rats (9.4 ± 0.23 mmol/L), followed by groups treated with Woodfordia fruticosa Kurz (7.5 ± 0.11 mmol/L),Cissus quadrangularis (7.1 ± 0.13 mmol/L) and C. anthelminticum (6.4 ± 0.21 mmol/L), extracts (Fig. 1) . Then at 60 min, the blood glucose levels had decreased in C. anthelminticum (4.8 ± 0.19 mmol/L), Cissus quadrangularis (5.9 ± 0.25 mmol/L), Woodfordia fruticosa Kurz (6.1 ± 0.22 mmol/L), as well as in the normal control (8.5 ± 0.15 mmol/L) groups. In the same manner reduction continued and was higher in the groups administered with all the three extracts (3.9 ± 0.22, 5.5 ± 0.19, and 5.1 ± 0.15 mmol/L, respectively) compared to that of normal control (6.7 ± 0.10 mmol/L) rat sup until 120 min. A significant difference in blood glucose levels was observed between the times for all the 3 extracts (P<0.001) respectively, when compared with the normal control (P<0.01) group. In line with IPGTT, similar outcomes were obtained with Oral Glucose Tolerance Test. At 60 min, after glucose load the concentration of blood glucose were remarkably elevated to (11.3 ± 0.23 mmol/L) in the normal control group, followed by the groups treated with Cissus quadrangularis (9.0 ± 0.13 mmol/L), Woodfordia fruticosa Kurz (8.3 ± 0.13 mmol/L) and C. anthelminticum (7.5 ± 0.23 mmol/L) extracts (Fig. 2) .Thereafter, at 120 min, the elevated blood glucose levels had significantly decreased in the groups administered with C. anthelminticum (4.3 ± 0.09 mmol/L), Woodfordia fruticosa Kurz (6.2 ± 0.12 mmol/L), and Cissus quadrangularis (7.2 ± 0.15 mmol/L) extracts, compared to that of the normal control (10.5 ± 0.15 mmol/L) group. In the same manner, the reduction of blood glucose levels was sustained for all the 3 extract groups (4.1 ± 0.12, 5.2 ± 0.10 and 6.5 ± 0.19 mmol/L, respectively) as well as for the control (7.8 ± 0.22 mmol/L) group by 180 min. A significant difference in blood glucose levels was observed between the times for all the 3 extracts (P<0.001) respectively, when compared with the normal control (P<0.01) group. The current study is a preliminary evaluation of the leaves from certain medicinal plants in the management of diabetes. The hypoglycemic activity of leaf extracts from 9 plants were screened and evaluated in normal rats. Of these nine plant extracts monitored, 5 (C. anthelminticum, Cissus quadrangularis, Woodfordia fruticosa Kurz, Sida acuta Burm F., and Parthenium hysterophorus L.) showed direct effects in reducing postprandial hyperglycaemia in normoglycaemic rats, while four (Vicoa indica, Vanda tessellata (Roxb.), Madhuca indica, and Xanthium strumarium) did not, or else might have an indirect effect. Overall, C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurzleaves demonstrated the highest hypoglycemic activity. This finding was further verified by the glucose tolerance tests in normal fasted rats.
Firstly, our findings on C. anthelminticum leaf extracts supports previous data in which seed fraction exhibited anti-diabetic and anti-hyperlipidemic activity in diabetic rats without any toxicity. 6 The polyphenolic components from its seeds also exerted antihyperglycemic activity in maltose-loaded normal rats. 7 Apart from this, the plant is used extensively in Ayurveda for the treatment of various disorders. Experimental studies have also reported different pharmacological effects of the seed extracts. [13] [14] In the same manner, extracts from different parts of Cissus quadrangularis and Woodfordia fruticosa Kurz also supports earlier findings [9] [10] [11] as well as with other biological activities. [15] [16] [17] [18] [19] [20] Although acute toxicity studies point out the toxic nature of Parthenium hysterophorus L., it possess slight hypoglycemic effects. Thus, Parthenium hysterophorus L should not be used in man until its toxicity has been more thoroughly determined. However, Sida acuta Burm F. also reported The different parts of C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz plants are known to be a rich source of polyphenolic compounds, 7, 9, 23 therefore, our study plausibly propose that involvement of different active compounds in the extracts, including phenols might play an important role in the reduction of elevated blood glucose levels. 24 The availability of different medicinal plant parts in an appropriate time, the duration of these parts' lifespan, and the presence of the maximum amount of active compounds at that time are important issues in the pharmaceutical industry. Leaves remain available for a longer period on the plants compared to other plant parts, which is the reason we used leaves in our study. However, comparison of the distribution of the effective active compound levels between the different parts of these plants requires further study. The aim in the management of diabetes mellitus is to attain blood glucose levels that are as close to normal as possible. 25 In addition, controlling postprandial hyperglycemia could also prevent the development of macro and microvascular complications associated with diabetes. 26 Earlier studies on different plants, suggested that the administration of Mucuna pruriens, 27 Cynara cardunculus, 28 Helicteres ixora, 29 and Tournefortia hartwegiana 30 extracts facilitate diabetic patients in controlling of postprandial hyperglycemia, thus enhanced glucose tolerance activity in the patients.In line with this, our findings postulated that utilizing C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz leaf extracts as dietary or food supplements may be advantageous for diabetic patients in the control of postprandial hyperglycemia.
There were some limitations in this study, and the main explanation for our results may varies in different solvents used during extraction due to the presence of active compounds, or the methods used to determine the hypoglycemic effect. Firstly, we focused on the leaves to test for hypoglycemic activity rather than other parts of the plants. Secondly, testing of the extracts was not done in a dose-dependent manner.
Conclusion
The current study on 9 plants, displayed that the leaf extracts of C. anthelminticum, Cissus quadrangularis, and Woodfordia fruticosa Kurz exhibited the highest hypoglycemic activity in normal glycemic rats. Therefore, further study to assess anti-diabetic activity from different parts of these plants is suggested in a dose-dependent manner along with new approaches.
